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PROCESS FOR PURIFYING f VA*-TR£NS^^ 

The present invention relates to a process fox purifying (-)-A 9 -trans- 
tstrahydrocapaabinoL The compound is separated from a mixture of cannabinoids 
using a chromatographic technique, 7 

(-)-A 9 -trai^-tetiahydiocaiuiabiaol is the active ingredient in marijuana. It is 
used therapeutically as an inhalant or an oral drug for stimulation of appetite among 
AIDS and cancer chemotherapy patients. Tettahydroeamabinols (THCs) can be 
isolated from marijuana (a mixture of leaves and flowering heads of tfee plant 
Cannabis Sativa). Alternatively, THCs can be obtained by synthetic routes, e.g. as 
described in WO 02/096899. Enantiomerically pure THCs are required for 
formulation into drug products, but the purification of THCs, whether produced by 
isolation or synthesis, is challenging. The present inventors have sought to provide a 
process for providing enantionxerically pure (-)-A & -trans-tfitrahydrocannabinol ((-)-A 9 - 
THC). 

Accordingly, the present invention provides a process for separating 0-A 9 - 
lxans4etrahydioc^imabinol from a mixture of cannabinoids wherein the process 
comprises at least one chromatographic step wherein a mobile phase passes through a 
stationary phase, characterised in that the stationary phase comprises a derivatised 
polysaccharide and the mobile phase comprises carbon dioxide. 

The process uses the combination of a derivatised polysaccharide stationary 
phase and a carbon dioxide-containing mobile phase and surprisingly provides 
complete removal of the carmabinoid components csnnabidiol and ()-A $ -trans- 
tcteahydrocannabinol from (-)-A ? -THC. 

Carbon dioxide has previously been used as an extraction fluid or eluent in 
processes for separating 0)~A 9 -THC. Veress (Journal of Chromatography A a 668 
(1994), 285-291} bas disclosed a method of extracting (~)-A 9 -THC and cannabidiol 
from marijuana using a supercritical fluid extraction process wherein the extracting 
fluid is carbon dioxide and the trapping column is Hypersil ODS octadecylsilica 
stationary phase. Webster et al (US 6,403,126) discloses a method of preparing a 
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Cannabis extract wherein a supercritical fluid such as carbon dioxide may be used as 
an extractor Cole ("Analysis of Cannabis by Supercritical Fluid Chromatography 
with Ultraviolet Detection", pages 145-148 in "Supercritical Fluid Methods and 
Protocols" ed. by WtUiams and Clifford) discloses an analysis of cannabis products 
using supercritical fluid chromatography wherein the mobile phase is carbon dioxide 
and methanol, and the stationary phase is a cyanopropyl silica column. However, the 
disclosed processes do not completely remove cannabidiol and (~)-A 8 -THC from (-)- 
A 9 -THC, as has been achieved in the present invention. 

Levin ct al (Journal of Chromatography A a 654 (1993), 53-64) have disclosed 
a chromatographic method for separating THCs using a stationary phase which was a 
dsrivatised polysaccharide immobilised on silica. A Daicel Chiraipak-AD column, 
which is based on amylose tris(3 5 S-dunethylcarbamate) supported on macroporous 
silica gel> was used. The mobile phase was n-hexane with ethanol or 2-propanol. ha 
the present invention, a mobile phase comprising carbon dioxide is advantageously 
employed. The carbon dioxide can be recycled or can alternatively be released to the 
atmosphere without treatment. The carbon dioxide is easily removed from this 
product, and also helps keep the product isolated from air by having dissolved carbon 
dioxide in the product solution. The carbon dioxide does not create a static charge in 
reaction vessels, as can be the case with hex&ne. 

Preferably the mobile phase in the present invention is a mixture of carbon 
dioxide and one or more modifiers. The modifier can be any liquid solvent such as an 
alcohol, ethyl acetate, acctonitrile or methylene chloride. The modifier should be 
compatible with the stationary phase, e.g. ethyl acetate and methylene chloride cannot 
be used with a Chiralpafc AD column as they will destroy the column. The modifier is 
suitably a CpCs alcohol, most preferably etbanoL A carbon dioxide and ethanol 
mobile phase has been found to be particularly advantageous. When (~)-A 9 -THC is 
prepared according to the synthetic route outlined in WO 02/096899, one of the 
impurities is "DFA-iso" (see figure 1 for the chemical structure). When the mobile 
phase is carbon dioxide/ ethanol, the DPA-iso elutes before the (->A ? -THC. A minor 
impurity eluting in froat of a major component usually focuses due to the effects of 
displacement chromatography, so it was possible to remove all of the DPA-iso. Using 
an alternative heptane/ethanol mobile phase, the DPA-iso eluted after the (-)-A 9 -THC. 
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It is considerably more difficult to resolve minor components elutmg in the tail of a 
major component, so the carbon dioxide/efhanol mobile phase provides a significantly 
improved process compared to heptane/ethanoL 

Caibon dioxide is easily removed, SO flic <-)-A 9 -THC product can be provided 
as a solution wth the modifier as a solvent It may therefore be desirable to choose a 
modifier in which the (-)-A*-TUC is stable. 

The ratio of carbon dioxide to modifier, as a weight (g) to volume (cm 3 ) is 
suitably in the range 100;1 to 50:50, preferably in the range 95:5 to 75:25, most 
preferably in the range 85:15 and 75:25. The ratio of carbon dioxide to modifier can 
be varied during the chromatographic: process. 

The stationary phase comprises a derivatised polysaccharide and is a solid 
chiral stationary phase. The derivatised polysaccharide is suitably immobilised on a 
substrate such as silica gel 9 ^zirconium, alumina, ceramics or other silicas, and is 
preferably immobilised on silica gel. Examples of derivatised polysaccharides 
include amylosic, cellulosic, dhitosaa, xylan, curdlan, dextran and inulan classes of 
polysaccharides. The amylosic polysaccharides are preferred. A particularly 
prefeired stationary phase is amylose tri5(3 ? 5-Jimethylphenylcaibamate) supported on 
macroporou$ silica gel, which is available as Chiralpak AD, manufactured by Daicel 
Chemical Co, 

The stationary phase is preferably an. encapsulated derivatised polysaccharides 
the polysaccharide groups are not bonded to a substrate. It is thought that the 
encapsulated stationary phase may prevent decomposition of the <-}-A 9 -THC to (-)~A B - 
TTTC. 

In a prefeotred embodiment of the invention the process comprises a further 
chromatographic step wherein a mobile phase passes through a stationary phase, 
wherein the stationary phase is an achiral stationary phase and is suitably selected 
from silica gel and derivatised silica gels, wherein the silica is derivatised with 
aminopropylsiloxane, diol-substituted propylsiloxane or 2-ethylpyridine siloxane 
groups. The 2-ethylpyridine siloxane immobilised on a silica support (shown below) 

MBUS 1677GB/23PCC2003 
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is a preferred achiral stationary phase because the (~)-A 9 -THC does not degrade to 
form (-)-A 8 -THC, as was observed with, some achiral stationary phases. 



The further chromatographic step enures removal of the impurity (->A -abn- 
THC (see figure 1 for the chemical structure) from a mixture of cacwabinoids. 

In the ffirtficrt step, the mobile phase suitably comprises 

carbon dioxide and is preferably a mixture of carbon dioxide and one or mere 
modifiers. The modifier can be any liquid solvent but is suitably a C1-C5 alcohol, 
most preferably ethanol. The ratio of carbon dioxide to modifier, as a weight (g) to 
volume (can 3 ) is suitably in the range 100:1 to 50:50, preferably in the xange 95:5 to 
75:25, most preferably in the range 95:5 and 90:10. The ratio of carbon dioxide to 
modifier can be varied during the chromatographic process. 

Suitably a first chromatographic step uses the achiral stationary phase, 
preferably 2-ethylpyridine siloxane immobilised™on„a silica support and a second 
chromatographic step uses the derivatised polysaccharide stationary phase, and most 
preferably amylose txi$(3 ? 5-dimethylph^iylcarbamate) supported on macroporous 
silica gel. It is preferred to use an amylosic stationary phase after a 2-ethylpyridine 
siloxane phase because it has been found that the amylosic phase can be destroyed by 
solvent impurities that might be present in the crude cannabinoid feed, whereas the 2- 
ethylpyridinfc siloxane is more robust However, pure (~)-A 9 -THC can also be 
achieved by reversing the two steps, using the 2-ethylpyridine siloxane phase after 
the amylosic phase* 

Suitable chromatographic apparatus is well known to the skilled person. It is 
preferred to use apparatus tba* is suitable for Supercritical Fluid chromatography such 
as the Novasep Supers ep 10 SFC or the Novasep Supers ep 100 SFC. The crude feed 
containing the mixture of caanabinoids is periodically injected into the apparatus 
wherein the mobile phase flows through the stationary phase which is located in a 
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column. After detection at "the column outlet, the purified fractions of the feed are 
directed to different traps. The carbon dioxide is removed from the purified fractions 
and is preferably recycled. Detection at the column outlet can be conducted by 
measuring UV absorption at an appropriate wavelength. 



The column diameter is suitably from 0.5cm to 35cm and the column length is 
suitably from 5cm to 50cm. The particle size of the stationary phase is typically fiom 
5 to SQyato. 



—The process is suitably carried out at temperatures from 5 to 45°C and at 

elevated pressures, e.g. from 80bar to 3Q0bar, Typical flow rates depend upon the 
diameter of the column, and may vary from, e.g. lOg to 4kg/mm. 

The following examples are illustrative but not limiting of the invention. 

Grade fead i r 

(-)-A 9 -traiis~tetrahydxocaniiabniol was prepared as described in WO 
02//096899. The crude reaction product included a variety of cannabinoid impurities, 
which are shown with (-)-A^trans-THC in figure 1. The crude reaction product was 
dissolved in ethanol to provide the crude feed. 

Chromatographic apparatus 

A Novasep Supersep 10 SFC was used in both chromatographic steps. Two 
stationary phases were used: a 2-ethylpyridine siloxane stationary phase, 
manufactured by Princeton Chromatography Inc ? with a particle diameter of 10|xm, 
and a Chiralpak AD stationary phase (amylose tris(3,5-dime1hylphe»ylcarbamate) 
supported on mactoporous silica gel), manufactured by Daicel Chemical Co. ? with a 
particle diameter of 20|im. The chromatographic steps were carried out at 25°C and at 
a pressure of lOObar. 
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Example Is Two step purification using a 2-ethvlPvridipe B il«vgHite> column and a 

Chiralpak AD column 

Step 1: Cinematographic separation using a. ^eflkvlpy ridinfe sijgganfe column 

The csraitejfeed was filtered through 0.2 micrometer filter (Whatman PTFE 

w/CJMF) and injected onto a chromatography column (length. 25cm, inner diameter 
2,1cm) containing 2-ethylpyridine sfloxane stationary phase at a column flow rate of 
40g/min using a mobile phase of 92% carbon dioxide and 8% ethanol Column 
injections on the column were 0.85ml of crude feed injected for 5 seconds. After 128 
column injections over 48 hours, an ethanolic solution was recovered witib a (-)-A 9 - 
trans-THC concentratioa of about 25gflL After removal of ethanol by rotary 
evaporation at 30°C uft£er vacnxtm, about 22.5g of ^mi-purified (^A ? -trans»1HC 
was recovered exhibiting greater than 95% purity. 

Step 2; Chromatp^phie separator 

The semi-purified (-)-A 9 -trans-THC was re-dissolved in absolute ethanol to a 
concentration of about 300g/l to produce a feed for injection onto Chiralpak AD 
column (length 25cm, inner diameter 2,1cm) at a column flow rate of 40g/min using a 
mobile phase of S0% carbon dioxide and 20% eth&ool. After 60 column injections of 
0-S5ml (over 5 seconds) Of the semi-purified feed, an ethanolic solution was 
recovered (about 2.2 liters) and stored in a freezer for solvent evaporation at a later 
date. The estimated recovery of purified (->A 9 -tranS"THC (>99-5% purity) was -15 
grams, 

Exam filg 2g Two step purificatio n using a Chiralpak Aft column and a 2- 
Sflgfaanridjiifi rfl«» nfe column 

gtgBJU Chromata&raTihic senar^*™ iwing a Chiralpak AD column 

The crude feed was Altered through 0.2 micrometer filter (Whatman PTFE 
w/GMF) and injected onto a chromatography column (length 25cm, inner diameter 
2 Jem) containing Chiralpak AD stationary phase at a column flow rate of AOg/min 
using a mobile phase of 80% carbon dioxide and 20% ethanol. After 35 column 
injections of 0.85rxtf> 6g of semi-purified (-)-A*-trans-THC (97.4% purity) were 
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collected. The majority of the remaining impurity was fomd to be (-)~A*-abn-THC 
(2*5% AUG). 

Step 2: Chromatographic separation nring S ^e^hvlpyridine ggogang colmmx 

The semi-purified (-)-A*~trans-THC was injected onto Chiraipak AD column 
(length 25cm, inner diameter 1cm) at a column flow rate of 20g/min using a mobile 
phase of 92% carbon dioxide and 8% etfeanoh After 3 second column injection* at 
Sml/min of the semi-purified ffeecL, (-)-A 9 -abn-THC impurity was reduced to less than 
0.05% AUG. 



Comparative Enmpfe It One step purification using a Chiraipak AD 
column and a herane/ethannl mobile phase 

The crude feed was filtered through 0.2 micrometer filter (Whatman PTFE 
w/GMF) and injected onto a chtomatography column (length 25cm, inner diameter 
lem) containing Chiraipak AD stationary phase at a column flow iate of 4,8mlAr*in 
using a mobile phase of 95% hexane and 5% ethaaoL Preparative purification of 
A 9 -trsns-THC from the DPA-iso impurity was not achieved. 
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Claims 

L A process for separating (-)-A 9 -tranS'tetrahydroparmabittol from a mixture of 
cannabinoids wherein the proce$$ comprises at least one chromatographic step 
wherein a mobile phase passes through a stationary phase, characterised in that the 
stationary phase comprises a derivatised polysaccharide and the mobile phase 
comprises carbon dioxide. 

2. A process according to claim 1 ? wherein the mobile phase is a mixture of 
carbon dioxide and one or more modifiers. 

3. A process according to claim 2, wherein the mobile phase is a mixture of 
carbon dioxide and ethanoL 

4. A process according to claim 2 or claim 3, wherein the ratio of carbon dioxide 
to liquid modifier is in the range 95:5 to 75:25. 

5. A process according to my preceding claim, wherein the deriratised 
polysaccharide is immobilised on a substrate chosen from silica gel ? zirconium, 
alumina, ceramics and other silicas. 

6. A process according to any preceding claim, wherein the stationary phase 
comprises an amylosic polysaccharide. 

7. A process according to claim 6 ? wherein the stationary phase is amylose 
tris(3 f 5Hiime1hyiphenylca!bamate) supported on macroporons silica gel. 

8. A process according to any preceding claim, wherein the process comprises a 
further chromatographic step wherein a mobile phase passes through a stationary 
phase, wherein the stationary phase is an achiral stationary phase, 

9. A process according to claim 8, wherein lie achiral stationary phase is 2- 
ethylpyridme siloxane immobilised on a silica support. 
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10. A process according to claim 8 or claim 9, wherein a first chromatographic 
$tep uses the achiral stationary phase and a second chromatographic step uses the 
stationaiy phase comprising a derivatissd polysaccharide, 

11. A process according to claim 8 or claim 9, wherein a first chKKnatogmphic 
step uses the stationary phase comprising a derivatised polysaccharide and a second 
chromatographic step uses the achiral stationary phase. 
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AftKtract of the Invendon 

A process for separating O-A'-trans-tefcrahydwcannabinoi from a mixture of 
cannabinoids is disclosed. Hie process comprises at least one chromaiograpMc step 
wherein a mobile phase passes through a stationary phase. The stationary phase 
comprises a derivatised polysaccharide and the mobile phase comprises carbon 
dioxide. 
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